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Abstract

‘J’lm ~assini  spacecraft is currently under dcvclopmcnt  for a mission designed to explore Saturn
and its rings, satellites and magnctosphcrc. Multilayer insulation (Ml .1) blankets on the
spacecraft will cxpcricnce  tcmpcra(urcs in the wide range of -200 to 360W. 11 igh tcmpcrat urc
COJ)dhiOJIS  wi]] occur at the main engine under p]uJnc heating in conjunction with the 0.61 All
(Aslronomica] [Jnit) so]ar ilhmination, and near the RTG (Radioisotope “J’hcrmoclectric
Generator) under the combined heating of the R“J’G (3900W)  and 2.7 SUJM during a trajectory
correction maneuver, 1 DW tcmpcraturc COJlditiOJIS  arc more prcva]cnt  as the spacecraft Wi]]
cruise, for the most part,  in the shade of its sun-pointed high gain antenna. Besides reducing
heat loss, the Ml.1 blankets will also serve, with standoffs, the purpose of micromctcoroid
protection. l:our major b]ankct  layup configurations (referred to as MI.I-A,  -11, -C and -]1, and
dcscribcd in IJig, 1 ) will bc utilized OJ1 ~assini. Since definitive thermal properties for these
layups  were not available, thermal vacuum tests were conduclcd  for their determination.

‘J’hc tests invo]vcd  suspending in a 1.Nz-cooled vacuum chamber a pair of heater-contro]]cd
aluminum boxes that are each cnc]oscd in an Ml.1 blanket, driving the test articles to steady state
at several box/sink tcmpcrat urc sctt ings, and measuring input power to the boxes, as well as
tcmpcrat ures on the boxes and M 1.1 blankets at various locations. Figure 2 shows photographs
of MI,I-A,  -B, and -~, and J:ig. 3 displays the outer and inner blankets of MI.I-D.  Ml .1-A, -B,
and -~ are of dimensions 1 ?,. S” cubed, and Ml ,1-C 9.5” cubed. l~igurc 4 illustrates the b]ankCt
and the aluminum box with Mylar stancloffs,  noting that the latter was typically enclosed by the
former and heated from within during a test.

AJ~loJIg  other things, the tests have yielded effcctivc cmittance for the four blanket layups  at
several tcmpcraturc  settings; shown that the embossed Kapton  MI.1 is “]cakier” than the KaptOn-
Mylar hybrid Ml,1; validated the superior performance of a duo-blanket which avoids through
scams; quantified heat ]OSS in the vicinity of scams, e]uc.idating a major Ml.1 heat loss
mechanism; rcvcalcd greater radiative/conductive }~cat transfer bctwccn tbc hardware and the

‘rl’hc  work dcscribcd in this paper was carried OU1 by lhc .lcl ]’repulsion 1,abm’story under
a contrtie[  with the National Aeronautics and Space Administration. “J’hc J;apcr is submitted to
the AIAA 29th ‘J’hcrmophysics  (Mnfercncc, to bc hc]d in San ljicgo,  CA, cm .IUJ)C ] 9-22, 199S.
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inner layer of an Ml.1 than commonly presumed; and established [hat these four Ml,1 layup
designs will bc ab]c to provide adequate thcrma] performance for the ~assini spacccraf[
throughout its mission.

IZffcct ivc lhn~t tanm,  The cffcctivc cmittancc  data derived from the tests arc presented in ‘1’ab]e
1. ‘1’hc heat dissipation (()), box Icmpcrat  urc (’1’1,) aJ]d chaJnbcr  shroud tcJnpcraturc (1’,) for each
test phase are tabulated, These test data were used to compute the traditioJ)a]  cCff (effective
cJnittaJ~cc,  as defined in ‘1’able 1). The “averaged” teJnpcratures  for the b]aJlkct cmtcr aJld iJ~Jlcr
]aycrs (T. aJK! “I’i) arc also listed; ‘1’0 is consislcJ]t with heat ba]ancc  calculations, aJld ‘J’i is a
weighted average iJ~volviJ~g  some judgmcnf and may cntai]  a sJnall  error. The cffcc[ivc
cJnit [aJlcc based on the box and outer-la ycJ” tcmpcraturcs (c* C~~.hO),  aJld the effect ivc cJnit tancc
based on the iJIJ]cr- and outer-layer tcmpcraturcs (~* Cr~.io ) were then conlplJlcd,  using  the
dcfiJ]iticms Jmted iJl Table ]. Va]ucs of the radiatioJl  coJlductor  bclwccn the Ml.] outer-]aycr aJld
the chaJnbcr shroud  (GO,), aJld tbosc  bet wccn the box aJld the M 1,1 inner-]a ycr (G~i) arc also
prcscntcd.

]liscussioJls on cffectivc cJnittaJlcc in the h41.] ]itcraturc usually do Jmt make a c]car distinctioJl
bctwccn the traditioJla]  dcfiJliticm and that hascd OJ) the Ml.] inJ~cr-  aJld outer-layer tcJnpcraturcs.
The results of “1’able 1 show that a clear distiJlction  is J~cccssary,  however. Physically, the
cffcctivc cmittancc based m the iJmer- and outer-layer temperatures is an intriJ]sic characteristic
of the b]aJlket layup,  while the traditional effective eJnittance  iJlcorporatcs  also effects of the
hardware surface emissivity, the Ml.] iJmcr- aJld outer-layer cmissivity, the hardware-to-b]aJlket
gap geometry, aJld the cJnissivity  aJ](i geometry of the siJlk (e.g., the chaJnbcr  shJ”oud).  The
base area (whether of the box or Ml .1) has to bc coJlsidcrcd  wheJl  JnakiJ~S conlparisoJ~ of the
various cffcctivc cnlittaJlcc values, as must other physical paraJnctcrs (e. g., tcmpcraturc  effect).

As far as Jlccds  of therms] JllOdC]iJlg  for ~assiJ]i  arc coJlccrncd,  two distinct situatioJls  call for
cffcctivc cmittancc defined iJ~ bolh  ways. NaJnc]y, (1) hardware covcrcd by Ml.] directly, or
hardware covered by Ml.1 which is spaced off by the My]ar staJldoffs (for Jnicromctcoroid
protection); aJld (2) Ml,] used iJ~ a tent-]ikc  or drape-like configuration (e. g., the fields and
parlic]cs pallet aJld the propu]sioJl  module subsystcJll),  where it is spaced off the spacecraft
hardware by an appreciable distance. IJI the first situation, the coJmnon  Jnodc]in& approach
assigJ~s  onc node to the hardware surface, aJld one node to the Ml.1 outer-layer, and app]ics the
traditional c,~~ to ca]cu]atc the coJlductor  bctwccJl  the two nodes. Strictly speaking, it is [’c~r.~o
that shotJ]d bc used in this conJ~cction,  1 lowcvcr,  nuJncrical  values for the two arc so CIOSC, as
‘J’able 1 indicates, that usiJ~g  the traditioJla]  (,r~ is quite acceptable. ]J1 the second situation, the
conlJncm JllOdC]iJlg  apprOaCh assip,lls a Jmde to the inner-]aycr, aJld a node to the outer-]ayer of
the Ml.1, in additioJl to whatever modeling is stJitab]c for the hardware; the radiative interchange
bet wccn the hardware and the inner-layer of the Ml.1 is calculated by a l’RASYS or N] WADA
nmdc], aJld the conductor bet wecn the iJ]Jlcr- aJld outer-layer Jlccds  to bc computed by u siJlg
~* Crr.io (Jmtc that the traditional ccf~ would Jmt bc appropriate here!)

‘1’hc values of the traditioJla]  (,~~ as presented in ‘1’ab]c 1 show
considcriJ~p,  that fo~Jr (iiffcrcnt blanket ]ayups were iJlvo]vcd  in
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chambm breaks and rearrangement of test ar[icles  occurred between lest phases, and that the
tests wcm conducted at several tcmperat urc settings. “J’hc embossed Kaptcm layup  (i ,c.,  Ml .1-11)
was shown to be 19% “leakier” than the Kapton-Mylar hybrid layup  (M1.I-A), and the duo-
b]ankct  layup  (MI .1-D) exhibited superior performance characteristics made possible by, among
other things, avoidance of through scams.

1 lcat 1.oss..~l!a~act~r~stics  i!~ llhe _VJXiM!iIy_ of_.SqIIIS, l;arly test phases showed that Ml.1
temperatures near box corners are dramatically different from those in the middle of surfaces.
By placing additional thermocouples on the test articles, subsequent test phases produced
tcmpcraturc  distributions such as exemplified by I:ig. 5. It was noted that on the blanket inner
layer, the temperature at the scam can be more than 30°~ lower than in the middle, while on
the outer layer, the scam temperature can bc higher than the center tcmpcraturc  by more than
70°c. It is reasoned that the stitches have pinched together the Ml.1 layers at the scam and
caused a “thermal short”; this brings the outer- and inner-layer temperatures closer to each other
at the scam than clsewhcrc. Utilizing the outer layer tcmpcraturcs and cmissivity,  and the
shroud temperature, the local heat IOSSCS can be computed, and the results are presented in ]:ig.
6 as a function of distance from the scam. “1’hc heat loss varies from less than 3 W/n+ in the
middle to almost 30 W/n12 at the scam. With the understanding that lateral (i .c., in-layer) heat
transfer is negligible, local effective emittancc was then calculated using the inner and outer
layer temperatures and the heat IOSSCS of l:ig. 5. “1’hc rcsu]ts arc plot[ed iJ~ }:ig. 6, where it is
seen that local effective cmittancc varies from a low of less than 0.01 to a high of almost  0.15.

The average effective cmittance must lie somewhere in bet wecn, depending on the size of the
blanket, and other hard ware configuration parameters. The larger the blanket, the more the low
cmitlancc in the middle will weigh on the average. 11 is thus clear that, in selecting a value for
the Ml,1 effect ive cmittance, analysts must consider the size and other geometric factors of the
Ml.1, and how the Ml.] will be fabricated and assembled. }~igurc 7 gives suggestions as to the
upper and lower bounds of effective emit [ante that one may select in conducting scnsit  ivity
studies, as well as points to a u’ay of improving Ml.1 thermal performance; i.e., by eliminating
or minimizing the scam 10 SSCS. Ml .1-1) has provicled such an example.

With highlights given  above, the paper will provide details on the test ar[iclcs, test setup, test
procedures, test results, and data analysis and interpretation. “1’hc clarification of the various
definitions of MI.1 effective emittancc and their appropriate applications, as well as the
cluantificatiml  of heat 10SSCS in the vicinity of scams arc bclicvcd  to be new results not yet
rcpor[cd  before in the MI.] literature.
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Cassini MLI  Tests
Computation of Effective Emittance
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~ }{OW  nl.lm!ws  are (~b!ained ~e=~ data Computation Processed test data CO!nDula~ion I

Now:
Q

rG-.{, (Effective emitkmce)
/d T,4-T;  )

Box and M LI areas:

F(~r E,,, (!wdi!iona!), I%= A%Y. T, = T%, , Tz = T,,,~ A
For Ee,,”-l?P.

hx = 486 in~
A = A+>, . T, = T%, . T 2 = T~,,,,.,,,,, A =A –A,,~,.n = 925 in’

~,lr E,,,” .i~,<
\41!.  A

A =  A,,,, , T, = Tipwr.,,,,,
\f!.1.q —

Tz = To,,,C,.,2~, A \fl. ! ~ = yl~ ~~z. .

CAT-TOY: Exercise sound judgment  when appIying these test-derived vaIues  to conditions different from those of the tests!

Table 1. Effective Emittance  Derived from Test Data for Four Blanket Layups EL 2/! 194



[)cfinitions:

MLI-A: IKNA + 5EA(2)K + 15A(2)N1;N  -1 A(2)K, with micromc(coroid  spacers (standard blanket Iayup)
MLI-R:  CKA + 20 EA(2)K + A(2)K, with micromcteoroid  spacers (blanket Iayup for high-temperature localm)
ML1-C: IKNA + 5EA(2)K + 15 A(2)M/N+ A(2)K, without micromc[eoroid  spacers
MLI-1): lKNA -t 5EA(2)K + 15 A(2) M/N -t A(2)K, with inner and outer blankets and staggered seams, and

with micromc[eoroid  spacers

*ace side
r 1 1 - IKNA.

“}
5 -  EA(2)K

- - -  - - -  - -
--— -—- - -. }

15- A(2) M/N

1 - A(2)K

MLI-A

Hardware sJde

Space side
1-CKA
2 0 -  W2)K

1 - A(2)K

MLI-B

Hardware side

NOTES:

IKNA = 1/2 mll - ~0 Kapton-Nomex Scrlm, aluminized
W2)K = 1/3 mll - embossed alumlntzed (both sides) Kapton
$Q&K = 1 mll - alumlntzed (both sides) Ka ton

f= I ml -  Carbon filled Kaptonuium nlzed
A(2)M”IN =- 1 /4 mil  - aluminized  (both sides) Mylar with Dacron net

l~ig,llrc  1. lkscription  of Ml.] 1.ayups ‘1’estcd
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Fj~ure  2. photographs  of ~LI-A, ~LI-B and MLI-C  ( f r o m  bft to Right)
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Effect of Seams on Local Effective Ernittance
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